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ABSTRACT 
 
This thesis deals with simulation test of disc brake functionality by using computer 
aided engineering software. The objective of this thesis is to investigate and analyze 
the stress distribution of disc brake during operation using CAE software. The thesis 
describes the finite element analysis techniques to predict the failure region on the 
brake disc and to identify the critical locations of the components. The disc brake 
implemented on the front axle of Proton Wira 1998 model with gray cast iron 
materials were studied in this thesis which commonly used in industry. Despite all 
the stresses experience by the disc doesn’t damage the disc due to high tensile 
strength but the disc may fail under fatigue loading. It is important to determine the 
critical area of concentrated stress, so appropriate modification can be made. The 
structural three-dimensional solid modelling of brake disc was developed using the 
computer-aided drawing software. The strategy of validation of finite element model 
was developed. The finite element analysis was then performed using ALGOR-
Fempro. The finite element model of the components was analyzed using the static 
stress with linear material model approaches. Finally, the stress distribution obtain 
from the result of analysis are employed as input for the failure region. From the 
results, it is observed that the analysis using Fempro can predict the failure region 
under fatigue loading. The acquired results tell the failure region occurred at the 
outer radius for both side of the brake disc due to concentrated maximum stress in 
these regions. Concentrated stress at these regions may promote conning effect. By 
moving the contact area of the brake pads and brake disc inside and away from the 
edge, maximum stress at the outer radius of the disc can be reduced or prevented. 
The stress analysis results are significant to improve the component design at the 
early developing stage. The results can also significantly reduce the cost and time to 
market, and improve product reliability and customer confidence. 
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ABSTRAK 
 
Tesis ini membentangkan simulasi penyelidikan terhadap brek cakera menggunakan 
perisian kejuruteraan bantuan komputer. Objektif tesis ini adalah untuk mengkaji 
serakan tekanan terhadap brek cakera semasa operasi menggunakan perisian 
kejuruteraan bantuan komputer. Tesis ini menerangkan teknik kajian unsur terhingga 
untuk menjangka kawasan cakera brek yang akan mengalami kerosakan dan untuk 
mengenalpasti lokasi-lokasi kritikal pada cakera brek. Cakera brek yang terdapat 
pada tayar hadapan kereta Proton wira model 1998 dengan bahan yang digunakan 
adalah besi kelabu acuan dikaji dalam tesis ini kerana ia biasa digunakan dalam 
industri automotif. Walaupun semua tekanan yang dialami oleh cakera brek tidak 
akan merosakkan, namun kerosakan akan berlaku jika daya lesu dikenakan. Jadi 
sangat penting untuk menentukan dimana kawasan kritikal yang ditumpu oleh 
tekanan supaya ubahsuai yang sesuai dapat dilakukan. Permodelan struktur pejal 
tiga-dimensi bagi cakera brek dibangunkan dengan perisian lukisan bantuan 
komputer. Strategi pengesahan model unsur terhingga dibangunkan. Analisis unsur 
terhingga dijalankan meggunakan Fempro yang terdapat dalam perisian ALGOR. 
Model unsur terhingga tersebut dikaji meggunakan pendekatan tekanan pegun 
dengan model bahan linear. Akhir sekali, serakan tekanan yang didapati daripada 
analisa kajian menggunakan Fempro boleh digunakan untuk menjangka kawasan 
yang akan mengalami kerosakan sekiranya tekanan lesu dilaksanakan. Keputusan 
yang diperoleh memberitahu kawasan yang akan mengalami kerosakan adalah pada 
jejari luar cakera brek pada kedua-dua bahagian permukaan cakera brek disebabkan 
oleh tekanan maksima yang tertumpu pada kawasan tersebut. Tekanan maksima pada 
kawasan tersebut boleh menyebabkan kesan kon terjadi. Dengan mengalihkan 
kawasan sentuhan pad brek dengan cakera brek daripada hujung cakera brek, tekanan 
maksima pada kawasan ini dapat dikurangkan atau dielakkan. Keputusan penilaian 
distribusi tekanan amat bermakna bagi memperbaiki reka bentuk komponen diawal 
tahap pembangunan. Keputusan juga berupaya menurunkan kos dan masa ke 
pasaran, memperbaiki kepercayaan produk dan keyakinan pelanggan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND 
 
Of all the systems that make car, the brake system might just be the most 
important. Its function determined the safety of the driver, passenger and also 
pedestrian.  In the olden days it was also one of the simplest. Over the years as 
improvements have been made, the system that has evolved isn't so simple anymore. 
Brake system work as hard or harder than any other part of the car, however much 
energy it takes to get the car up a hill, it takes at least as much energy to stop it at the 
bottom. In general, there are three main functions of a brake system, to maintain a 
vehicle’s speed when driving downhill, to reduce a vehicle’s speed when necessary 
and to hold a vehicle when in parking [1]. When the brakes were applied, the pads or 
shoes that press against the brake drum or rotor convert kinetic energy into thermal 
energy via friction. The cooling of the brakes dissipates the heat and the vehicle 
slows down. This is all to do with The First Law of Thermodynamics, sometimes 
known as the law of conservation of energy. This law states that energy cannot be 
created nor destroyed; it can only be converted from one form to another. In the case 
of brakes, it is converted from kinetic energy to thermal energy.  
 
Typically, there are two types of brake that were implemented in today’s car, 
drum brake and disc brake. Disc brake is widely used because its design is far 
superior to that of drum brakes. Disc brakes use a slim disc and small caliper to halt 
wheel movement. Within the caliper are two brake pads, one on each side of the disc, 
that clamp together when the brake pedal is pressed. Fluid is used to transfer the 
movement of the brake pedal into the movement of the brake pads. The disc used in 
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disc brakes is fully exposed to outside air. This exposure works to constantly cool the 
disc, greatly reducing its tendency to overheat or cause fading. The pad and disc 
would wear gradually when in used [8]. It need to be replaced when the pad reach its 
limits or disc have problem like warped and thermal crack that leads to reduction of 
braking efficiency. Friction between the contact area of pad and disc during braking 
process cause wear as the pad degraded gradually. Uniform pad and disc stress 
distribution is essential to ensure uniform pad wear and prolong the lifespan for both 
pad and disc. 
 
Uniform pad and disc wear and brake temperature, and more even friction 
coefficient could only be achieved when pressure distributions between the pads and 
disc are uniform [3]. Uneven pressure distribution on contact area on disc and brake 
pad can be predicted through simulation analysis. Unevenness of the pressure 
distribution causes uneven wear and consequently shortens the life of disc rotor [3]. 
This might lead to more frequent tapered wear disc replacement. The dynamic 
contact pressure distribution in a disc brake system remains impossible to measure 
through experimental methods. This makes numerical analysis using the finite 
element method an indispensable alternative tool to its prediction. Simulation 
analysis is used to predict the failure of the disc rotor and help design improvement 
on the production of disc rotor. This project present the systematic clarification of the 
stress analysis of disc brake by analyzes in computer aided engineering (CAE) 
software. CAE or more specifically finite element analysis (FEA) will analyzed the 
stress distribution on the disc rotor during operation and prediction of failure regions 
can be made.  
 
1.2 PROBLEM STATEMENT 
 
The disc brake is a device for slowing or stopping the rotation of a wheel of 
vehicles. To stop the wheel, friction material in the form of brake pads is forced 
mechanically, hydraulically, pneumatically, or electromagnetically against both sides 
of the disc and cause the wheel to slow or stop [11]. By the First Law of 
Thermodynamics, when brake pedal is pressed, the brakes on vehicle heat up, 
slowing it down. But if the brakes were used rapidly, the discs and brake pads will 
3 
 
stay hot and get no chance to cool off. The brake cannot absorb much more heat 
because the brake components are already so hot. The braking efficiency is reduced. 
This malfunction of the brake system is called brake fade. In every brake pad there is 
the friction material which is held together with some sort of resin. Once brake pad 
starts to get too hot, the resin holding the pad material together starts to vaporize 
(forming gas). That gas can't stay between the pad and the disc, so it forms a thin 
layer between the brake pad and rotor trying to escape. The pads lose contact with 
the disc, thus reducing the amount of friction [11]. Other than brake fade, disc rotor 
also undergo cracking, coning, thermal judder, brake shudder, high disc thickness 
variation and high level of lateral runout (Appendix 1) because of poor design, 
inappropriate materials and uneven stress distribution during braking.  
 
The usage of the brake may promote wear to disc and brake pad. Uniform 
disc and pad wear, brake temperature, and more even friction coefficient could only 
be achieved when pressure distributions between the pads and disc are uniform. In 
addition, unevenness of the pressure distribution causes uneven stress distribution 
that can lead to uneven wear and consequently shortens the life of disc and pad. The 
design of the disc is important to determine the rate of cooling and uniform wear of 
disc and brake pad and thus affecting braking efficiency.  
 
This project will focus on the simulation analysis of disc on typical disc brake 
during operation when forces and moments generate from braking is applied during 
the static. The stress distribution of disc from simulation result can be analyzed. 
 
1.3 OBJECTIVES 
 
Investigate and analyze the stress distribution of disc brake during operation 
using CAE software. 
 
1.4 SCOPES 
 
Use CAE software to determine finite element stress of disc on 
general/common disc brake used in automotive industry (Wira model year 1998). 
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1.5 FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Project’s flow chart 
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1.6 GANTT CHART 
 
Table 1.2: Gantt chart for final year project 1 
 
 
 
 
 
 
 
 TASK 
SEMESTER 2 2007/2008 
WEEK 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 Background Studies 
                
2 Project 
understanding 
                
3 Work planning                 
5 Problem identification 
                
4 Chapter 1                 
6 Chapter 2                 
7 
Parameters & 
Material 
Properties 
determination 
                
8 
Chapter 3: 
Forming of 
Research 
Methodology 
                
9 Result Expectation 
                
10 
Project 
Proposal 
Preparation 
                
11 
Project 
Proposal 
Approval & 
Submission 
                
12 Presentation 1 Preparation 
                
13 Project Presentation 1 
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Table 1.3: Gantt chart for final year project 2 
 
 
 
 TASK 
SEMESTER 1 2008/2009 
WEEK 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 Background Studies                 
2 Introduction to CAD & CAE 
                
3 Disc and other part 
modeling 
                
5 Analysis                 
4 Chapter 4: Result & Discussion 
                
6 Chapter 5: Conclusion                 
7 Final Report preparation                 
8 Presentation 2 preparation                 
9 Project Presentation 2                 
10 Final Report approval & 
submission 
                
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 BRAKE SYSTEM 
 
 A brake is a device for slowing or stopping the motion of a machine or 
vehicle, or alternatively a device to restrain it from starting to move again. Brakes of 
some description are fitted to most wheeled vehicles, including automobiles of all 
kinds, trucks, trains, motorcycles, and bicycles. Baggage carts and shopping carts 
may have them for use on a moving ramp. Some airplanes are fitted with wheel 
brakes on the undercarriage. Some aircraft also feature air brakes designed to slow 
them down in flight. Friction brakes on cars store the heat in the rotating part (drum 
brake or disc brake) during the brake application and release it to the air gradually 
[12]. The kinetic energy lost by the moving part is usually translated to heat by 
friction. Alternatively, in regenerative braking, much of the energy is recovered and 
stored in a flywheel, capacitor or turned into alternating current by an alternator, then 
rectified and stored in a battery for later use. 
 Kinetic energy increases with the square of the velocity (E = (mv2)/2). This 
means that if the speed of a vehicle doubles, it has four times as much energy. The 
brakes must therefore dissipate four times as much energy to stop it and consequently 
the braking distance is four times as long. When the brake pedal is depressed, the 
vehicle’s braking system transmits the force from your foot to its brakes through a 
fluid. Since the actual brakes require a much greater force than the leg could apply 
with, vehicle must also multiply the force of foot. It does this in two ways; 
mechanical advantage (leverage) and hydraulic force multiplication. The brakes 
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transmit the force to the tires using friction, and the tires transmit that force to the 
road using friction also [8].  
The modern automotive brake system has been refined for over 100 years and 
has become extremely dependable and efficient. The typical brake system consists of 
disk brakes in front and either disk or drum brakes in the rear connected by a 
system of tubes and hoses that link the brake at each wheel to the master 
cylinder.  Other systems that are connected with the brake system include the 
parking brakes, power brake booster and the anti-lock system. When the brake 
pedal is pressed, it pushed against a plunger in the master cylinder which forces 
hydraulic oil (brake fluid) through a series of tubes and hoses to the braking unit at 
each wheel. Since hydraulic fluid (or any fluid for that matter) cannot be compressed, 
pushing fluid through a pipe is just like pushing a steel bar through a pipe.  Unlike a 
steel bar, however, fluid can be directed through many twists and turns on its way to 
its destination, arriving with the exact same motion and pressure that it started 
with.  It is very important that the fluid is pure liquid and that there is no air bubbles 
in it.  Air can compress which causes sponginess to the pedal and severely reduced 
braking efficiency.  If air is suspected, then the system must be bled to remove the 
air. There are "bleeder screws" at each wheel cylinder and caliper for this purpose. 
 
 
 
Figure 2.1: Modern automotive brakes system 
